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1,0 SCOPE 
F 

This specification describes the Model 9455 hank Modus Drive 
(LMD). Within this document the disk storage unit will be 
referred to as the Lark Micro Unit, LMU, or drive. The inter- 
face will be referred to as the Storage Module Interface (SMD). 
The user-defined controller which allows information transfer 
between the LMD and the central processing unit will be referred 


to as the adapter. 


The basic LMD consists of two separate modules shown in Figure 1: 
the disk drive mechanism identified as the LMU and the power 
supply with SMD interface component board assembly identified as 
the power input/output (PIO) module. The system controller 
interface connects to the PIO. The PIO, then, connects to the 


drive. 


The drive consists of the Lark Micro Interface, drive positioning 
mechanism, read/write electronics, read/write heads, and media. 
The separate P10 module consists of a DC power source for the 
drive and an interface adapter PWA for connection to the host 
system. 


The basic configurations of the 9455 are as listed below: 


PRODUCT VOLTAGE/ NUMBER OF 
NUMBER FREQUENCY MOUNTING SECTORS 
9455-32 420/60 Rack 32 
9455-64 120/60 Rack 64 
9455-32A 220/230/240/50 Rack 7 32 


9455-64A 220/230/240/50 Rack 64 
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INTERFACE 


ADAPTER PWA 
(gei29a _ 
Figure 1. Lark Module Drive 
2.0 APPLICABLE DOCUMENTS 


ce STANDARDS 


The Model 9455 LMD has been designed as a system peripheral to 
the highest standards of design and construction. The LMD, 


however, must depend upon its host equipment to receive adequate 
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power and environment in order to provide optimum performance 

and compliance with applicable industry and governmental regu- 
lations. Special attention must be given in the areas of safety, 
power distribution, grounding, shielding, audible noise control, 
and temperature regulation of the device to ensure specified 
performance and compliance with all applicable regulations. 


When evaluating systems operation under conditions of EMI the 
performance of the 9455 Lark Module Drive within the System shall 
be considered acceptable if the device does not generate an un- 
recoverable error, or incur an unrecoverable condition. 

An unrecoverable error, or condition, is defined as one which: 


1. Is not detected and corrected by the device itself; 

2. Or is not capable of being detected from the error or fault 
status provided through the device/system interface; 

3. Or is not capable of being recovered by normal device or 

: system recovery procedures without requiring operator inter- 
vention. 


In addition to corporate standards, the LMD complies with the 
requirements of UL 478 and CSA Standard C22.2 No. 154-1975. 

The LMD is a component and, as such, is not subject to standards 
imposed by FCC Docket 20780/FDD 8-148 Part 15 governing EMI 

of computing devices. 


eve DOCUMENTATION 
The following documentation is available for field support of 
the LMD: 


@e Model 9454 Lark Micro Interface, 77653473 
e Lark Micro unit installation and operation manual, 77683717 
e ro se aye Hero cenelce Manual, 77683706 
@ ar ower Supply and I/0 Adapter Installation and Operati 
Manual, 77683568 : Brae 
Lark Power Supply and 1/0 Adapter Maintenance Manual, 77683704 
CDC Disk Cartridge Product Specification, 76192089 
Voltage Conversion Instructions (TBD) 
Flat Cable Interface Specification, 64712400 
3.0 GENERAL DESCRIPTION 
The Model 9455 LMD is a member of a family of low-cost, high- 
performance, highly reliable, random access, rotating disk, mass 


memory devices featuring both removable and fixed media storage. 
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The media used on the LMD is an extension of the media used 
with the existing module drive family. The diameter of the disk 
is approximately eight inches. Its coating thickness is opti-. 
mized for high density magnetic recording with densities in 
excess of 7OOO flux reversals per inch and track densities up 
to 600 tracks per inch. 

A dedicated servo surface is not used with the LMDO for head 
positioning control. Instead, embedded servo information is 
factory written on each data surface in those areas not occu- 
pied by header or data blocks. This pre-recorded servo. field 
is used for carriage positioning, index and sector pulse gen- 


eration, and PLO reference clock. 


The basic components in the drive consists of the base casting, 
spindle, spindle drive motor, cartridge insertion and position- 
ing mechanism, linear servo motor and carriage assembly with 
read/write heads, base PWA with microcomputer control, Read 
Signal Processor PWA, and Read/Write Pre—Amp PWA. A cooling 
fan is also provided. 


These components are shown in Figure 2. 


The PIO supplies the DC voltages required to operate the drive. 
The supply voltages are +5 Vv, -5.2 V, +16.5 V, and -16.5 V. The 
Peripheral Interface Adapter PWA is mounted within the PIO and 
is used to convert the LMU interface to Storage Module Drive 
(SMD) interface for operation with the host system. 


The unformatted storage capacity of the LMD is 16.7 megabytes: 
8.35 megabytes of storage is provided by the removable disk 
(cartridge) and 8.35 megabytes of storage is provided by the 
fixed disk. 
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READ/WRITE 
PREAMP VOICE COIL 
PWA ACTUATOR 


CARRIAGE 
ASSEMBLY 


COOLING FAN 


SPINDLE 


o 
AC OIST. 
PWA 


AIR FILTER 


CARTRIDGE 
DOOR 


CARTRIDGE 
DOOR LATCH 


SPINDLE MOTOR 


CARTRIDGE 
RECEIVER 


OPERATOR 
CONTROL SWITCHES 
AND INDICATORS 


BASE PWA 


(Z168> _) 
RSP PWA FIXED DISK 


Figure 2. LMU Basic Components 


For operator convenience, the cartridge is removed and inserted 
via a hinged access door on the front panel that locks when the 
disks begin to spin. Operator controls and indicators consist 

of a START/STOP switch and a WRITE PROTECT switch for the fixed 


disk. The front panel and cartridge insertion are shown in 
Figures 10 and 14. 
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4.0 
4.1 


FEATURES 
STANDARD FEATURES 


The LMD has the following standard features: 


Removable Cartridge 

Low Power Consumption 

32 or 64 Hard Sector Configurations 
Early/Late Data Strobing 

Internal Fault Monitoring 

No Electrical Adjustments Required 
No Head Alignment Required 

Embedded Servo 

LSI and Microcomputer Control 


Low Audible Noise for Office Environments 


Terminator 
SMD Interface Compatibility 


Independent Manual Write Protect on Fixed and/or 


Cartridge Media 
- Re-Circulating Air Filtration System 
OPTIONAL FEATURES 

Local/Remote 

CMD Compatability 

Seek on Head Change 

Delayed on Cylinder 
ACCESSORIES 


The following accessories are available for the LMD and must 


be ordered and shipped separately: 


o Data Cartridge, 76210000 (32 and 64 sector operation) 

o Lark Micro Unit Maintenance Manual, 77683706 

o Lark Power Supply and 1/0 Adapter Maintenance Manual, 77683704 

o Interconnecting Cable Kit (includes command, data, and AC power) 


PART NUMBER LENGTH 
77701151 
L/7701152 si wl a inches 
77701153 | SCC inches | 
rr7ooesi (sto) [__—«B inches 
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5.0 


PERFORMANCE CHARACTERISTICS 


The performance characteristics of the LMD are shown in Table 1. 
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Data Capacity (Unformatted) (Note 1) 


Per Track 
Per Removable Cartridge 
Per Fixed Disk 
Total 
Number of Data Heads 
Per Removable Cartridg 
Per Fixed Disk 
Recording Mode 
Data Interface 
Flux Reversal Density 


Track Density 


Data Transfer Rate (Nominal) 


Maximum Latency 
Average Latency 


Positioning Times 


20,672 bytes 
8.35 megabytes 
8.35 megabytes Note 2 


16.7 megabytes 


NMP fs 


2,9 

NRZ DATA + CLOCK 
6774 FRI 

Zor TPL 


9.677 MHz 


17.95 ms 


8.55 ms 


Average 50 ms NOTE 3 
Maximum 100 ms 
NOTE 1: Formatted capacity realized ina specific system 


application is generally less than the inherent 
Capacity and may be different for the same LMD 


on different systems. 


NOTE 2: Based on 202 primary cylinders. Does not include 
four spare tracks per surface. 


NOTE 3: Applicable to series code 2 devices 
POSITIONING TIMES 


Average 
Typical 
Maximum 


42 ms 
38 ms 
80 ms 
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ore 
Se bok 


ACCESS-TO-DATA CHARACTERISTICS 

Positioning Times 

Positioning time is defined as the time required from the receipt 
of a seek and/or head change command by the LMD until the drive 
signals the controller that it is ready to perform another seek 
or read/write function on th new cylinder. Completion of a 

seek is reported by the interface with a status return. Because 
the LMD incorporates positioning information on each of its four 
data surfaces, a head change, whether to the current cylinder 
address or to a new one, is also considered as a positioning 
time. 


Average seek time is determined by dividing the sum of all 
possible movements by the total number of movements. 


The positioning times are listed below: 


* Maximum Positioning Time 100 ms 
* Average Positioning Time 50 ms 
Average Maximum Adjacent Single 
Track Seeks Without Head Change 10 ms 
Average Maximum Random Head 
Selection Without Seek Command 10 ms 


Average Maximum Random Head 
Selection With One Track Adjacent 


Seek . 15 ms 
Seek to Same Cylinder Address 

and Head <2 ms 
Return to Zero (Maximum) 500 ms 


* For Series Code 2 Devices, the following Positioning Times 
are applicable: 
Maximum Positioning Time 80 ms 
Average Positioning Time (Max) 42 ms 
Average Positioning Time (Typ) 38 ms 
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5.4 


e 


Spindle Speed and Latency 


_ The spindle speed is 3510 +2.5, -4.8% revolutions per minute 


(r/min). The speed tolerance includes motor performance, belt 
and pulley tolerances and the mains voltage and frequency var- 
lations specified in section 7.1. This does not include other 
variables which affect data transfer rates. 


The average latency time is 8.55 milliseconds, based ona 
nominal disk speed of 3510 r/min. The maximum latency time 
is 17.95 milliseconds based on a minimum disk speed of 3342 
r/min (3510 - 4.8%). 


Latency time is defined as. the time required to reach a parti- 
cular sector after positioning is complete. 


Read Initialization Time 


Read initialization time is defined as the time required to 

switch from one head to another, stabilize the read circuitry, 
and establish phase lock oscillator synchronization subsequent 
to reading data. This time is 10 milliseconds average maximum 


assuming a head change to the current cylinder address. 


Write-to-Read Recovery Time 


Assuming a write operation is in progress the required time 
interval between the end of Write Gate and the initiation of 


Read Gate is 10 microseconds minimum. 


Read-to-write Recovery Time 


Assuming a read operation is in progress, the required minimum 
time interval between the end of Read Gate and the initiation 
of Write Gate is 0.3 microseconds. 
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2 ee so. 


Data Capacity 


_The total unformatted data capacity of the LMD is 16,702,976 


bytes per spindle. The total formatted data capacity using the 


recommended format is 13,238,272 bytes per spindle. This 


capacity does not include four spare tracks per surface. 


Formatted capacity realized in a specific system application 
is generally less than the inherent capacity and may be differ- 
ent for the same LMD in different systems. | 


Data Transfer Rate 


The nominal serial data transfer rate is 9,676,800 bits per 
second (1.2096 megabytes per second). The range of transfer 
rate variations ona byte—per-second basis for read/write 
operations is +4.5, -5.5% of the nominal. This range includes 
the effects of all factors including spindle speed variations 
and dynamic jitter on a byte-to-byte basis. Data on the inter- 
face is NRZ while the drive internally converts this informa- 
tion to a 2,9 code for reading and writing. 


Start/Stop Time 


Assuming that a cartridge has been inserted in the drive and 

no faults are present, the maximum time measured from actuation 
of start switch to Ready and On Cylinder status to adapter is 
120 seconds. 


The maximum stop time measured from actuation of stop switch 


until the cartridge can be removed is 60 seconds. 


Upon a power loss, the maximum stop time is 120 seconds. 
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6.0 


RELIABILITY SPECIFICATIONS 


. The following reliability specifications assume correct host/ 


drive operational interface has been implemented, including all 
interface timings, power supply voltages, environmental condi- 


tions, and appropriate data-handling circuits in the host system. 


Error Rates 


10 
Soft Read Errors <1 in 10 bits read 
(Recoverable) 
Hard Read Errors <1 in 10!2 bits read 
(Unrecoverable) . 
Seek Errors . <1 in 10° seeks 
MTBF | _ >6000 hours 
Service Life 5 years or 20,000 hours 
Preventive Maintenance None Required 


ERROR RATES 


The error rates stated in paragraph 6.0 assume the following: 


1. That the LMD is operated per specification. 
2. That an approved data cartridge is employed. 


3. That a data format is employed fulfilling the requirements 
of the LMD as outlined in the Flat Cable Interface 
Specification, 64712400. 


4. That errors caused by media defects or host system failures 
are excluded from error rate computations. 


5. That power requirements as specified in paragraph 7.1 and 
system grounding requirements indicated in the installation 
instructions are met. 
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6.1.1 


Read Errors 


Prior to the determination or measurement of read error rates: 


1. The data which is to be used for a measurement of read 
error rates must be verified as being written correctly 
on the media. 


2. All media defect induced errors must be excluded from 
error rate calculations. 


A recoverable read error is one that can be re-read correctly 
in nine or less retries. These retries must include three 
retries at normal data strobe, three retries at early data 
strobe, and three retries at late data strobe. 


The recoverable read error rate for any read operation shall 


be less than one error in 10 u bits read. 


An unrecoverable read error is one which cannot be read cor- 


rectly after nine retries to read the record. See retries above. 


The unrecoverable read error rate shall be less than one bit 


in 10'* bits read. 


Write Errors 


Write errors can occur as a result of the following: Write Data 
not being presented correctly, media defects, environmental 
interference, or equipment malfunction. As such, write errors 


are not predictable as a function of the number of bits passed, 


If an unrecoverable write error occurs because of an LMD equip- 


ment malfunction, the error is classified as a failure affecting 
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MTBF. Unrecoverable write errors are those which cannot be 
corrected within three attempts at writing the record with a 


.read verify after each attempt. 


Seek Errors 


A seek error is defined as a’ condition where the LMD fails to 

position the heads to the addressed track provided the correct 
cylinder address information has been presented to the drive. 

There shall be no more than one recoverable seek error in 40° 
physical seek operations. Unrecoverable seek errors are 


classified as failures for MTBF calculations. 
Environmental Errors 


When operating at low effective data transfer rate (that is, 


random access of single short records), the effective error - 


rate may be expected to exceed the specified limits due to 
environmental interference. Excluding environmental inter- 
ference, the recoverable read error rate shall be no more than 


one error in eight hours of operation. 
RELIABILITY AND SERVICE 


Mean Time Between Failure (MTBF) 

Following an initial period of 200 hours, the Mean Time Between 
Failure (MTBF) shall exceed 2400 hours for units manufactured 
in the first year of production and 4400 hours for units manu- 
factured in the second year. For units manufactured after the 
second year, the MTBF shall exceed 6000 hours. The following 
equation defines MTBF: 


a Operating Hours 
MTBF = Wimber of Equipment Failures 
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"Equipment Failures" is defined as any stoppage or substandard 
performance of the equipment because of equipment malfunction, 
excluding stoppages or substandard performance caused by oper= 
ator error, adverse environment, power failure, adapter failure, 
cable failure, or other failure not caused by equipment. To 
establish a meaningful MTBF, operation hours must be greater 
than 6000 hours per drive and shall include field performance 
data from all field sites. The term “equipment failure" 

implies that emergency maintenance is required because of a 


hardware failure. 

Preventive Maintenance’ 

No routine scheduled preventive maintenance shall be required 
provided the drive is operated in a clean office or computer 


room environment. 


Service Life 


“The LMD shall have a useful service life of five years or 


20,000 power-on hours, whichever occurs first, before requiring 
factory overhaul. Depot repair or replacement of major parts 
will be permitted during the lifetime of the drive. | 


Installation 


The LMD is designed, manufactured, and tested with a "Plug-in 
and Play" installation philosophy. Basically, this philosophy 
minimizes the requirements for a highly trained personnel to 
integrate the LMD into the user's system. | 


The LMD has a factory installed top cover providing maximum 
protection from environmental contaminants. This cover should 
only be removed in a recommended maintenance facility with 
proper environmental control; otherwise, warranty will be void. 
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This does not preclude on-site replacement of components 


external to the sealed area such as printed circuit boards, 


. belt, etc. 


Required connections to the drive are power, signal cables, 
and a system ground consistent with normal peripheral equip-— 
ment grounding practices. The physical requirements are 


adequate clearance for maintenance and air intake/exhaust. 
Service Tools 


No special tools are required for site installation or site 
maintenance of the LMD. 


PHYSICAL/ELECTRICAL SPECIFICATIONS 
POWER REQUIREMENTS 


The primary AC/DC voltage and current requirements are shown 
in Tables 2 and 3. 


Two standard as-shipped voltage configurations are available 
for the LMD: either 120 V ac 60 Hz or 220 V ac 50 Hz. The 
5O Hz configuration will function over the voltage range of 
220/230/240 volts without any changes to the LMD. Field con- 
version of 50 Hz LMD's is possible by following the instruc- 
tions contained in the Voltage Conversion Instructions (TBD). 
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Table 2. Primary AC/DC Voltage Requirements 


VOLTAGE (V ac) | TOLERANCE (V ac) FREQUENCY (Hz) | TOLERANCE (Hz) 


+0. 6, -1.0 
+0.5, —1.0 
+0.5, ~1-0 
+0.5, ~-1.0 


CURRENT DRAIN 


VOLTAGE (V dc) REGULATION MAX RIPPLE P/P 


MAX 


0.07 A/3.5 


PEAK CURRENT FOR THE +16.5 VOLT SUPPLIES MAY REACH 
2.4 AMPERES FOR 24 MILLISECONDS DURATION FROM EITHER 
SUPPLY (NOT BOTH) WITH A 38 MILLISECOND MINIMUM 

INTERVAL BETWEEN CURRENT PULSES. 


THE +5 VOLTS SHALL SHARE A DC COMMON. 
SHALL SHARE A SEPARATE DC COMMON. 


THE +16.5 VOLTS 
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Table 3. LMD Current/Power Requirements Under Various Conditions 


CURRENTS AND WATTAGE 


INPUTS ON TRACK SEEKING STARTING 
NOMINAL MAXIMUM NOMINAL NOMINAL 


DRIVE INPUTS: 


120 VAC 0.7 A 

(60 W) 

220-240 V 0.35 A 

(60 W) 

+16.5 V 0.72 A 
(11.9 W) 

-16.5 V 0.67 A 
(11.1 W) 

+5 V 0.91 A 
(4.55 W) 

-5 V 2.88 A 
(14.4 W) 

TOTAL WATTAGE 102 W 

I/O INPUTS: 

+5 V dc O.9 A 
(4.5 w) 

0.3 A 
(1.5 W) 

TOTAL WATTAGE 6.0 W 

RUN CURRENT START CURRENT © START TIME (SECONDS) 


POWER SUPPLY 


: , 
ants NOMINAL | MAXIMUM | NOMINAL | MAXIMUM | NOMINAL | MAXIMUM 


120 VAC 1.35 A 2.25 A 2.05: A. 60 
(130 W) (260 W) (318 W) 

220-240 VAC 0.7 A 0.9 A 1.15 A 1.45 A 60 
(135 W) (265 W) (318 W) 
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OPERATIONAL PROFILE 


Tl - BREAKER ON T6 - HEAD LOAD T1l - SPINOLE OFF 
T2 = SPINDLE BRAKE ON 17 - START SEEK (MAX POWER) T12 = SPINDLE BRAKE ON 
T3 - SPINDLE BRAKE OFF 1B - END SEEK (MAX POWER) T13 - SPINDLE BRAKE OFF 
Ta = SPINOLE START T9 - RETURN TO ZERO TRACK T14 = BREAKER OFF 
TS - SPINDLE AT SPEED T10 = PUSH/STOP (RETRACT) 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 
T2 13 T4 T13 

0.5 
|e ie | 

0.4 

0.3 

0.2 


Q 
_— 


Q 10 20 30 4 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190 200 
SECONDS 


Figure 3. Operational Nominal Line Currents to Power Supply 
vs. Time (120 V input). 
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7.2 GROUNDING REQUIREMENTS 


A low impedance ground strap shall be connected between the power 
supply DC grounds of the adapter and the drive. 


(23 MECHANICAL SPECIFICATIONS 


The overall drive and PIO dimensions are shown in Figures 4 and 
5. More detailed mounting hole data is shown in Figures 6 and 7. 


WEIGHT - 40 LBS (18 kg) 


* MAX DIMENSIONS 


LMU 


Figure 4. Drive Dimensions 
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WEIGHT = APPROX. 15 Ibs (6.75 Kg) 


*NOES NOT INCLUDE FRONT PANEL 


15 LBS. (6.75 kg) 


WEIGHT - 


PIO Dimensions 


Figure 5. 
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al ee 0.44 DEEP IN Yn ISOLATION MOUNT 
CASTING 4X patie 
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fl 
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REAR VIEW 


DIMENSION INCHES MILLIMETERS REMARKS DIMENSION MILLIMETERS REMARKS 
ean : 217.9 M ; 223.01 
B 203.20 N 15.875 FREE STATE 
C 196.85 N 14.605 LOADED 
0 7.11 P 11.43 
E 3.30 R 132.1 
F 50.80 5 13.46 
G 445.77 T 0.76 
H 530.4 U ; 0.76 
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K 15.93 W 128.0 
"54 X 
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0.95 ef 
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( 66039a_} 


Figure 6. Mechanical Mounting Dimensions 
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10-32 (3) MOUNTING HOLES 


THIS SIDE ONLY 


. NOTE 


PENETRATION OF MOUNTING HARD- : ace 
WARE NOT TO EXCEED 0.25 in ; 4 
(6.35 mm). DIMENSION "I" DOES 1.75 
NOT INCLUDE FRONT PANEL 0 2.50 
E 5.75 
F 0.54 
G 1.81 
H 4.88 
I 10.0 
J 7.50 
K 8.57 
L 4.63 


C 721694 


Figure 7. PIO Mechanical Mounting Dimensions 


SPEC. NO. 


77641922 


PRODUCT SPECIFICATION - 9455 LMD 
The LMD is designed for installation into a standard RETMA rack 
or equivalent enclosure. Two LMD's, configured horizontally, will 
fit within a standard 7.0 inch (177.8 mm) opening. Three drives 
configured vertically (spindle motor up) will fit within a 
standard 10.5 inch (266.8 mm) opening. Refer to Figure 8. 


No slides are provided with the LMD, but provisions for mounting 
are found on the side of the base casting for vertical configura- 
tions and at the bottom of the base casting for horizontal con- 
figurations. The mechanical interface for mounting is accomplished 
via the mandatory use of shock absorbers supplied with the drive. 
Reference Figures 7 and 7A for details. 


Cable connections for the drive and PIO are shown in Figure 9. 


0.125 | 


CE 
AND 
9.78" OVERALL SURROUNDING STRUCTURE FOR 
HEIGHT RELATIVE MOTION TOP 
ALLOCATION AND BOTTOM. 


ORIVE MOTOR ON TOP | 


1 
ADAPTER PLATE h MOUNTING 


moe SURFACE 0.125 
: REFERENCE 
4 MOUNTS INT 

0.030" —m— CLEARANCE BETWEEN 

sone "RATE LMu AND SURROUNDING 

UCTURE FOR RELATIVE 
a 0.72" REF, NOTION. BOTH SIDES 
0.030" ee —— 


a 170 REF, 


ts, 875" 


Figure 7A. Vertical Mounting Dimension 
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450.9 mm (17.75 in) 
_——— STD RETMA ENCLOSURE OPENING —_—____+ 
: 
+ = -_—_ 


266.7 mm (10.5 in) 
RETMA 
PANEL SPACE 


177.8 mm (7.0 in) 


+ 
ae +) THREE VERTICAL MOUNT 
] us 
' OR 
1 TWO VERTICAL MOUNT 
,; -MUs AND 
! TWO PIO UNITS INLINE 
t 
{ 
~ 
t 


t 

' 
TWO HORIZONTAL MOUNT 
LMUs 


— a 
2S Oe NS ce 


OR 
RETMA ONE LMU AND (1) PIO 
PANEL. SPACE UNIT 


REFERENCE ONLY 
OIMENSION DOES NOT INCLUDE SPACE FOR SUPPORT STRUCTURE. 
STANDARD RACK REQUIRES MODIFICATION TO UTILIZE SLIDES. 


LA\ DIMENSION INCLUDES SPACE FOR SUPPORT STRUCTURE AND SLIDES. 


0 357;79, '% 
\ 22i72a_ 


Figure 8. Typical Rack Mount Configurations 
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7.4 OPERATOR CONTROL PANEL 


The operator control panel shown in Figure 10 contains two alter- 
nate action switches and two LED indicators as defined below. 


The Ready indicator illuminates the faceplate of the Start/ 
Stop switch and the Fixed Write Protect indicator illuminates 
the faceplate of the Fixed Write Protect switch. 


CARTRIDGE RECEIVER DOOR 
LATCH RELEASE 


START/STOP SWITCH 
AND READY INOICATOR 


FIXED PROT SWITCH 
AND FAULT INDICATOR 


\ 


oe aw ames oo? 


Figure 10. LMU Front Panel 


Start/Stop Switch 


The Start/Stop switch, when engaged, energizes the spindle motor 
provided that the following have been satisfied: 


1. The AC circuit breaker is ON. 
2. The cartridge-door-closed switch is ON. 
3. The cartridge-in-place Switch is ON. 


4. The hold line must be activated if the remote start 
option is installed. 
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Fixed Write Protect Switch 


When the Fixed Write Protect Switch is engaged, it inhibits 

all write operations on the fixed volume. (The removable 
volume is protected via an operator changeable write protect 
tab which is sensed by the LMD electronics to prevent unwanted 
writing.) This switch also provides a means for the operator 
to clear device faults. When a fault condition exists, cycling 
the switch from its current position and then back initiates 


the fault reset and recovery procedure. 


Ready Indicator 


The Ready indicator indicates Unit Ready status whenever the 
spindle is up to speed and the heads are loaded. The Ready 
indicator blinks during the spindle start and stop procedures. 


Fixed Write Protect Indicator 


The Fixed Write Protect indicator indicates that the selected 
volume is write protected. In addition, it also provides the 


operator with fault status as follows: 


1. Fixed Write Protect indicator blinking indicates that a 
fault condition has been detected. 


2. Fixed Write Protect indicator blinking with the Ready 
indicator blinking indicates a fault causing the heads 
to retract. 


725 ENVIRONMENTAL LIMITS 
The LMD is intended to operate in computer room and office en- 


vironments with minimal environmental control. Temperature and 


humidity specifications preclude condensation on any drive part. 
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TE Temperature 
1. Operating 


50 F to 104° F (40 °c to 40 C) with a maximum gradient of 

18 F (10 C) per hour. The maximum temperature of 104°F 
(40°C) applies at altitudes between +983 feet (300 meters) 
or atmospheric pressures between +105 kilopascals. Above 
this altitude, the maximum temperature is derated linearly 
to 95°F (35°C) at 6560 feet (2000 meters), or atmospheric 


pressure of 79.5 kilopascals. 
2. Transit Temperatures 


-40°F to 140°F (-40.4°C to 60°C) with a maximum gradient of 
36°F (20°C) per hour. This specification assumes that the 
LMD is packaged in the shipping container designed for 

use with the LMD. 


3. Storage Temperature 


+14°F to 122°F (-10°%C to 50°C) with a maximum gradient of 
27°F (15°C) per hour. | 


If it becomes necessary to use an LMD cartridge which has not 
been allowed to stabilize at the ambient drive operating room 
temperature for at least one hour or if the cartridge was 
exposed to temperatures below 61°F (16°C) immediately prior 
to the stabilization period, then the following procedures 


must be employed. 


ee The cartridge must be visually inspected or examined to 
ensure that condensation is not present on any part of the 


cartridge. 
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Cioxe 


7.9.3 


2. The cartridge must be allowed to spin on the LMD for a period 
of not less than five minutes prior to attempting to read or 
write on the cartridge. 

Relative Humidity 


1. Operating 


20% to 80% relative humidity with a maximum gradient of 10% 


per hour. 


2. Transit (packaged in the shipping container designed for 
use with the LMD) 


5% to 95% relative humidity. 
Se Storage 

10% to 90% relative humidity. 
Mercia (Actual or Effective) 
1. Operating 


-983 to +6560 feet (-300 to +2000 meters), sea level 
reference. 


a Transit (packaged in the shipping container designed for 
use with the LMD) 


-983 to +8200 feet (-300 to +2500 meters), sea level 
reference. 

The LMD in its shipping container, can be shipped via 
commercial airlines. 


SPEC. NO. 


77641922 


PRODUCT SPECIFICATION -— 9455 LMD 


(ease Vibration and Shock 


The LMD is designed to withstand the vibration and shock condi- 
tions specified below without damage to its function, physical 


structure, or external appearance. 


NOTE 
If the drive is installed in an enclosure to 
which the stated shock/vibration criteria is 
applied, resonances may occur internally to 
the enclosure resulting in forces in excess 
of these limits at the installed drive's 
interface. Shack absorbers are supplied with 
the drive and are to be used in both the 
vertical and horizontal mounting configurations. | 


1. Operating 


Equipment, as normally installed and positioned, shall meet 

the full specified performance while subject to the follow-— 

ing conditions injected to the isolation mounts in a vert- 
ical direction. 


a. Continuous vibration as indicated in Figure 11, Curve A 


(Operating). 


b. Intermittent shocks of up to 2 g and not exceeding 10 
milliseconds in duration. No shock is to be repeated 


more often than two per second. 
2. Transit 
Equipment in its normal upright position shall withstand 


the conditions of vibration and shock injected from the 


Floor in the three major mutually perpendicular axes. 
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DISPLACEMENT 
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VELOCITY 
(IN ./SEC) 


not exceeding 10 milliseconds in 


Vibration Levels 
The time between consecutive shocks cannot 


Figure 11. 
Vibration as shown in Figure 11, Curve C (Non-Operating 


Packaged). 

Shocks of up to 5 g, 
duration. 

be less than 5 seconds. 
See Figure 12. 


a. 


b 
The LMD is packaged for van or air freight shipment and shall 


withstand drop tests from 30 inches (765 mm) on all surfaces, 
three edges and one corner, aga’tinst a concrete floor or equiv- 


alent. 
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OROP HEIGHT 
30 inches 
(765 ma) 


FLOOR SURFACE 


Figure 12. Flat Drop Test 
Air Cleanliness 


The LMD is designed to operate in an office environment with 
minimum or no environmental control. Heating is provided, but 
artificial cooling may not exist for the drive. Natural or 

forced air ventilation may be used to limit the maximum temper- 
ature. This range is considered the minimum acceptable environ- 
ment for human comfort. In this environment, the LMD will operate 
with the following levels of contamination: | 


1. Particle sizes greater than 1.0 micron=concentration of 


4X 10° particles per cubic meter. 


2. Particle sizes greater than 1.5 microns<-concentration of 
4 X 10° particles per cubic meter. 


3. Particle sizes greater than 5.0 microns=-concentration of 


4X 40° particles per cubic meter. 
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MEDIA/REGORDING CHARACTERISTICS 
MEDIA CHARACTERISTICS 


The media used on the LMD has a diameter of approximately eight 
inches, Its coating thickness is optimized for high density 
magnetic recording with densities in excess of 7000 flux 
reversals per inch (frpi) and track densities up to 600 tracks 
per inch (tpi). 


A dedicated servo surface is not used with the LMD for head 
positioning control. Instead, embedded servo information is 
Factory written on each data surface in those areas not occu- 
pied by header or data blocks. This pre-recorded servo field 
is used for carriage positioning, index and sector pulse gener- 


ation, and PLO reference clock. 
Cartridge Description 


The LMD cartridge contains a single oxide-coated aluminum disk 
which is mounted on a self-centering hub and enclosed ina pro- 
tective plastic case. The cartridge is sealed against dust. 
When the disk is inserted into the drive, the dust cover opens 
automatically for spindle and head access and closes automati- 
Cally when the disk is withdrawn. A protective case will be 
supplied with the cartridge to provide an additional safeguard 
against contamination or damage resulting from handling or 
storage. 


Cartridge interchangeability between other LMD's using the same 


format and sector configuration is ensured. 


A write protect tab that is operator changeable prevents inad- 
vertent overwriting of data. 
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A cartridge is approximately 8.5 inches (215.9 mm) square and 
1 inch (25.4 mm) high. Refer to Figure 13. 


Cartridge insertion is shown in Figure 14. 


IDENTIFICATION 
LABEL RECESS 


HEAD ACCESS DOOR 


TOP VIEW 


| parr inde WRITE PROTECT TAS 
\ f265 2) (CARTRIDGE NOT WRITEPROTECTED 
HOWN. SLID 


IN POSITION $ ‘ 
TAB UP FOR WRITE PROTECTION.) 


Figure 13. Removable Cartridge 
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< LMU 


ALTERNATE CARTRIDGE EJECTION 


CARTRIDGE 


em 


("721688 )) 


Figure 14. LMD Cartridge Insertion 
8.1 62 Fixed Media Description 


The fixed media is a single iron-oxide coated aluminum disk 
attached to the spindle hub assembly. It is considered part 
of the basic drive and always remains within the assembly. 
Protection from damage and dirt is provided by housing it in 

a special cavity and isolating it from the cartridge receiving 
mechanism with a protective cover. 


It is mandatory that fixed media replacement be performed at 
a depot level maintenance facility or equivalent to ensure the 
proper environmental control. 
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8.2 ALLOWABLE MEDIA DEFECTS 


Media defects are characterized as being either correctable or 
uncorrectable as a function of the type and magnitude of the 
media flaw. Various error correction codes may be implemented 
to correct errors in the data read from the disk. However, 

the code chosen should be consistent with the media manufac- 
turer's testing and certification methods. In the LMD, media 


certification is performed using the following standards: 


1. An error burst of 11 bits or less is a correctable error. 


2. An uncorrectable error is one greater than 11 bits in 
length. 


3. Only one correctable error may occur in each sector or 
that sector must be classified as uncorrectable. 


At the time of manufacture, media defect information is recorded 
on track 205, surface O, sector O of each disk. This identifies 
flagged track/sector data for those users who wish to use it as 
part of a system initialization and track and/or sector deallo- 
cation routine without recertification. If the user wishes to 
use this information, it is imperative not to write on this area 


of the disk until such time that it can be recovered. 


Figure 15 shows the recording format for surface 0, track 205, 
and sector O. 


8.2.1 LMD Fixed Media 
The LMD fixed media will: 


1. Have no media defects on cylinder O and 205. 


2. Have no more than four correctable errors per surface. 
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INDEX 
MARK 


EMBEDDED|PLO SYNC{SYNC {ADDRESS |CRC | PAD | WRITE ECC PAD |EOR jEMBEDDED 
SERVO 11 BYTES |BYTE 5 2 2 SPLICE 1 1 SERVO 
16 BYTES|(ZEROS) |(FE)16] BYTES |BYTES/BYTE (FE) 16]256/512 | 7 BYTES|BYTE|BYTES|8 BYTES 


CCITT 


(No Ecc cone) ZN 


HEAD 

(0)16 
OR 

(2)16 


TRACK] HEAD |SECTORIERROR 
2 1 1 


BYTES} BYTE | BYTE 


END OF 
LISTING 


1 
BYTE jBYTE 


i 
1's FILLED TO ECC BYTES 
ss = (P2)16 -CORRECTABLE 
| | (91)16 -UNCORRECTABLE 
12 31 


Z\ WILL CONTAIN 2 BYTE CRC CHARACTER 
Faia FOLLOWED BY 5 ZERO BYTES, THE SYNC 
Goes BYTE IS INCLUDED IN THE CRC CALCULA- 
TION. THE CRC GENERATOR IS INITIALIZED 
TO (0000) 16. 


Ly CARTRIDGE IS HEAD 0; FIXED DISK IS HEAD 2. 


Figure 15. Format for Surface O, Track 205, Sector O - 
Factory Flagged Track Data 


3. Have no more than two uncorrectable errors per surface. 


4, The total of items 2 and 3 above must not exceed four 


errors. 


This permits those users who have implemented error correction 
codes (ECC) into their systems the use of 202 correctable tracks 


with two spare tracks ‘to be used as needed. 


For those users who choose not to use ECC, it is recommended 
that 200 tracks be used for data storage and retrieval, leaving 
two spare tracks that can be assigned as alternates if this 


becomes necessary. 
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8.2.2 LMD Cartridge Media 


The magnetic recording surface of the LMD cartridge is the same 
as that of the fixed media. Media certification is performed 
using the same criteria. Refer to Disk Cartridge Product 
Specification, 76192089, for further details. 


8.3 RECORDING CHARACTERISTICS 


The recording system used in the LMD employs 2,9 recording 
code. This code yields a bits-per-inch to flux—-reversals- 
per-inch ratio of 1.5 to 1. Data recorded on a track using 
this code at 6000 flux reversals per inch is effectively 
recording data on that track at 9000 bits per inch. 


Briefly, this code operates in the following manner: 


1. The NRZ serial data which is to be written on the disk is 
examined in a bit-field form. 


2. Within the Q=bit field each 3-bit sequence is encoded into 
a recorded zone containing not more than two flux reversals. 


3. The presence or absence of a flux reversal and their place- 
ment within the zone is a function of the specific three 
bits of data to be written in the zone and the contents of 
the two zones which are immediately adjacent to the zone 
being written. | 
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8.4 


DATA SECURITY 


Under normal adapter input/output operation, it is not possible 
ie write a pattern other. than that on the Write Data lines. 

The bit pattern can only be altered when the LMD signifies an 
On Cylinder status, is not write protected via hardware or 
operator control, and Write Gate is active, but only upon 
specific selection of the LMD. Data is protected by inhibiting 
Write Gate in the following fault conditions: 


1. Write Gate and Servo Write Inhibit 


This detects the condition of a missed embedded servo field 
which causes a write protect condition for the following 
data field, AND'ed with an attempt to write. 


2. Write Gate and Microcomputer Write Protect 


This detects an attempt to write when write protected by 
the microcomputer. The microcomputer may write protect 
when off cylinder during seek, during command dialogue, 
if a fault condition exists, if Fixed or Cartridge write 
Protect is active and the associated volume is selected, 
or when not ready. 


3. Servo Write Protect Timing Fault 
This checks internal embedded servo write protect timing. 
This guarantees that Write Protect is toggling and correct 
in time with respect to Read Enable, another servo-related 
signal. 


4, Read Gate and Write Gate 


This is a simultaneous. occurrence of both Write Gate and 


Reaa Gate. 
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Under any of the following conditions, a Write Inhibit and an 


emergency retract of the heads is performed so that data is 


protected: 


‘1. Loss of AC line power 


.2. Loss of spindle speed 


3. Pre-amp faults 
a. Write Gate and no Write Data 
b. Head shorted or open 
c. Read active and DC write current 
4. Servo Faults 
a. +5, -5, +16.5, -16.5 V de failure 
'b. Retract capacitor shape low 


c. Microcomputer. detected fault 


Protective features are incorporated within the LMD to prevent 
altering data due to abnormalities during start-up or shutdown. 


ERROR RECOVERY CONSIDERATIONS 
EARLY/LATE DATA STROBE 


Consistent with media recording employing flux reversals in 
excess of 6000 flux reversals per inch, the LMD incorporates 
Provisions to strobe the data window early or late to compen- 
Sate for peak shifting due to bit crowding. This capability 

is controlled via an adapter command and would normally be used 
when a read error occurs during reading as part of program con- 
trolled error recovery routine. 


a! 
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ALTERNATE TRACK ASSIGNMENTS 


The LMD has 206 tracks per surface. Four of these are intended 


to be used as spares for alternate track assignments. Alternate 
track assignments may become necessary due to media defects that 
are uncorrectable (greater than 11 bits in length) when using 
error correction codes (ECC). Since the probability of occur- 
rence of error bursts greater than 11 bits is minimal as com- 
pared to single or multiple bit errors, optimum system effi- 
ciency would be realized using ECC techniques as opposed to 


alternate track assignments. 


ECC IMPLEMENTATION 


It is recommended that the host system implement ECC (error 
correction codes) error correction techniques with the LMD, 


A factor to.consider is the 2,9 recording method used. In MFM 

recording, error bursts are directly proportional to the number 
of affected flux reversal positions; therefore, no error propa- 
gation occurs with media defects. In other words, "N" bad flux 
reversals on the recording surface equals "N" defective bits in 
the decoded data. 


With the 2,9 recording method, incoming binary data passes 
through complex encoding circuitry and is written on the media 
in a coded manner (that is, three binary bits equal six possi- 
ble flux reversal sites on the recorded media). Resultantly, 

a media defect in a current flux reversal sequence may propa- 
gate into adjacent flux reversal groups resulting in a decoded 
data error burst of greater length than the actual meclia defect. 
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